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Abstract 

Background: The circadian abnormality of delayed sleep phase has been suggested to characterise a subgroup of 
depressed young adults with different risk factors and course of illness. We aim to assess the prevalence and 
factors, particularly substance use, associated with such delay in a large help-seeking cohort of young people with 
mental health problems. 

Methods: From a consecutively recruited sample of 802 help-seeking young people, 305 (38%) had at least 
moderate depressive symptoms (QIDS-C 16 >10), sleep data and did not have a chronic severe mental illness. 
Demographic and clinical characteristics were evaluated through self report and clinical interview. Delayed sleep 
phase was defined as a sleep onset between the hours of 02:00 a.m. - 06:00 a.m. and the characteristics of this 
group were compared to normal phase sleepers. 

Results: Delayed sleep onset was reported amongst 18% (n = 56/305) of the depressed group compared to 11% of 
the non-depressed young people. Amongst the depressed group, delayed sleep onset was associated with 
tobacco, alcohol and cannabis misuse and short sleep duration (x: 5.8 hrs vs. x: 7.8 hrs). There were no differences in 
demographic factors, personality traits or symptoms. Tobacco smoking was very common: In logistic regression 
analyses only tobacco use (OR 2.28, 95% CI: 1.04 - 5.01) was associated with delayed sleep onset. There was no 
interaction with age. 

Conclusions: Delayed sleep onset was twice as common in depressed young people as the general population 
and young people with other mental health problems, and is a potential marker for a subgroup of mood disorders. 
Those with delayed sleep onset were not more severely depressed but had short sleep duration, a risk for chronic 
psychological ill health, and higher levels of tobacco use. Nicotine use was common in this group, has biological 
evidence as a sleep disrupter, and requires specifically addressing in this population. 
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Background 

Sleep disturbance, usually characterised as 'insomnia', is 
a common occurrence in depression in both primary [1] 
and secondary [2] care settings, as well as a key feature 
of the diagnosis. In clinical studies of depressed patients, 
sleep problems are often the most persistent and/or re- 
sidual symptoms hampering individuals from remission 
or recovery [3]. This has led to the development of a di- 
verse range of treatments aimed at improving sleep pat- 
terns among those who are depressed [4]. A particular 
form of sleep disturbance, delayed sleep phase, is often 
observed in young people with depression: actigraphy 
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measurements have demonstrated that habitual sleep 
onset later than 1:00 a.m. is seen in 30% of young people 
with unipolar depression compared to only 10% of age- 
matched healthy controls [5]. Adolescence and early 
adulthood is a particularly vulnerable period for the de- 
velopment of delayed sleep-wake cycles. It is hypothe- 
sised that a delay in sleep onset typically occurs in 
adolescence due to changes in melatonin secretion and/ 
or environmental factors which signifies a natural pro- 
gression for adolescents to fall asleep at a later time 
when compared to children [6]. However, a clinical pat- 
tern, termed Delayed Sleep Phase Disorder (DSPD), may 
emerge when sleep onset persistently occurs between 
the hours of 2:00 a.m.-6:00 a.m. and begins to interfere 
with functioning [7]. DSPD is not always accompanied 
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by a difficulty in falling asleep unless individuals attempt 
to fall asleep outside the hours of their habitually de- 
layed bedtime. Although DSPD may be accompanied by 
day time fatigue, delayed sleepers do not consistently re- 
port poorer sleep quality [8]. DSPD is relatively uncom- 
mon in older adult populations, with onset after 30 years 
of age rare. However, the estimated point prevalence 
among young people (12-25 years) falls between 7-10% 
[9]. Furthermore, while many young people may not 
meet the full criteria for the disorder, their delayed 
onset sleeping patterns often represent subclinical forms 
which may be consistent with a mild diagnosis [10-12]. 
Young people with delayed sleep onset often demon- 
strate marked sleep differences on weekends when com- 
pared to weekdays [13,14]. This is partly due to the 
nature of their education and work schedules [15,16] 
which results in a short weekday sleep duration as the 
individual limits their sleep to match their sleep chrono- 
type: the degree to which a person organises their daily 
activities in the morning or evening [17]. Such short 
sleep duration is a risk factor for the chronicity of psy- 
chological distress [18] and mood disorders [19], poorer 
educational performance [20] and behavioural problems 
[21,22] whereas the eveningness sleep chronotype is associ- 
ated with higher levels of depressed mood, conduct 
problems and hyperactivity [23,24]. This suggests that de- 
layed sleep onset may represent a risk factor, or marker, for 
a worse trajectory of mental ill health and associated 
disability. 

Some authors have suggested that delayed sleep onset 
is associated with, and possibly caused by, substance use, 
particularly tobacco and alcohol [25-27]. It is well known 
that common psychoactive substances can adversely affect 
sleep in a dose response manner [28-30] with nicotine a 
stimulant [31], alcohol both a sedative [32] and stimulant 
[33], with other drugs having varied effects. With the devel- 
opment of more focused treatment strategies aimed at 
targeting the different phenotypes and staged trajectories of 
mood disorders, this study aims to explore the prevalence 
and patterns of delayed sleep onset among depressed young 
people presenting to primary mental health care and, in 
particular, whether there is any association with substance 
use. 

Methods 

Sample 

Between January 2011 and August 2012, all young people 
aged between 12-25 years who presented to one of 
four headspace clinics in Sydney and Melbourne were 
approached for participation in a longitudinal cohort study 
evaluating the course of psychiatric disorders among young 
people, described in full elsewhere [34]. Established by the 
Australian Government in 2006, Headspace centres provide 
youth-focused mental health and general health services, 



drug and alcohol services and vocational assistance to 
young people aged 12-25 years. There is direct access with 
no need for a clinician referral and no specific catchment 
area. There are currently 40 centres located nationally, the 
four in this study being amongst the first established. The 
most common reasons for attendance at Headspace are 
mental health problems, primarily anxiety and depressive 
symptoms, often in the context of psychosocial issues such 
as relationship conflict with family and peers [35]. As Head- 
space focuses on both youth mental health and early inter- 
vention, young people may present for care with varying 
illness severity (e.g. sub threshold symptoms - severe 
symptoms, mild - severely impaired functioning) across a 
range of mental health problems [36]. Individuals with a 
clinician-determined intellectual disability, acute suicidality 
or those without fluent English were not invited to partici- 
pate. Eight hundred and two participants were recruited. 
To limit the sample to those with at least moderate levels 
of depressive symptoms and sleep data (see Figure 1), but 
excluding those with a pattern of severe mental illness that 
has progressed into a distinct psychotic or mood disorder, 
the following criteria were applied: 

Inclusion criteria 

a) A moderate or greater level of depressive symptoms 
as determined by the total score on the clinician 
rated Quick Inventory of Depressive 
Symptomatology (QIDS-C 16 ) [37]. The QIDS-C 16 
assessed the presence, during the previous seven 
days, of the major DSM-IV diagnostic symptoms of 
depression, rated on a 4-point Likert scale with total 
scores ranging from 0-27. Depression severity can 
then be classified as minimal' (0-5), mild' (6-10), 
moderate' (11-15), severe' (16-20) or Very severe' 
(21-27). The QIDS-C 16 is considered to be an ef- 
fective uni-dimensional measure of depression with 
good reliability (a > 0.8) among youth samples [37]. 

b) A self-reported habitual sleep onset within normal' 
(22:00 - 01:59) or 'delayed' hours (02:00 - 06:00) 
[7,10-12]. As this study focused only on a compari- 
son of normal and delayed phenotypes, participants 
who reported habitual bedtimes in daylight hours 
(e.g. 06:01 - 19:59) were excluded (n = 8). 

Exclusion criteria 

c) The presence of a recurrent or persistent adult 
pattern of mental illness or mental disorder that has 
had incomplete remission and is associated with 
deteriorating social, educational, occupational 
functioning due to persistent or reoccurring 
symptoms. This is described as a Stage 3 mental 
illness as outlined by the Clinical Staging Model [38]. 
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Sample recruited: 
N = 802 



Nil - mild depression only: 

77 = 417 



Stage 3 only: No depression & Stage 3 : Missing: 

n = 17 w = 7 7? = 9 



Inclusion criteria A & 
Exclusion criteria A 



N = 352 
(x^: 18.29, SD: 3.02, 74% F) 



Inadequate sleep data* 

77 = 47 



Inclusion criteria C 



FINAL SAMPLE 
N = 305 



12-17yrs: 
77= 146 



18-25yrs: 
77 = 206 



Figure 1 Sample recruitment inclusion and exclusion criteria. * Excluded participants (n = 47) reported significantly lower drive scores on the 
BIS/BAS measure when compared to final sample (x: 9.13 vs. x: 10.26) but no other differences in outcomes measures were found. 



Procedure 

After the individuals' initial clinical assessment, consent- 
ing participants were contacted by a research assistant 
via telephone or in person to discuss the nature and 
aims of the research. Participants aged 15 years and over 
provided written informed consent, while those aged 
12-14 years (inclusive) assented with written informed 
consent provided by a parent or guardian. 

Using a structured interview, participants were assessed 
by research assistants who held graduate degrees in psych- 
ology. The structured interview consisted of the clinical 
measures outlined below in Assessment. Research assis- 
tants were trained in the use of the structured interview 
and achieved an interviewer reliability score of at least 0.8 
on each of the interviewer-rated clinical measures before 
recruitment commenced. The research assistants com- 
pleted the structured interview with each participant before 
providing an iPad or laptop for the completion of the 
self-report measures. This process took approximately 1- 
2 hours to complete. Participants each received a $20 gift 
voucher for reimbursement. 

Assessment 
Sleep 

Sleep characteristics were assessed using four adapted 
items from the Pittsburgh Sleep Quality Index [39] and 



the first four items of the QIDS-Ci 6 . Time spent in bed: 
elapsed time between participants' bed time and wake 
time. To control for outliers, responses were curtailed to 
a range of 3 - 15 hours. Time taken to fall asleep: mi- 
nutes taken to fall asleep. Self-reported sleep duration: 
participants' estimation of how many hours per night 
they slept. To control for outliers, responses were cur- 
tailed to a range of 3 - 15 hours. Calculated sleep dur- 
ation: a validation method in which the time taken to 
fall asleep was subtracted from the total time spent in 
bed, for each participant. Sleep quality: assessed using a 
categorical self-rating which was collapsed into two cat- 
egories: 'good' or 'bad'. Fatigue: Using a single question, 
participants were asked how often they had experienced 
trouble staying awake in certain activities during the past 
month which was then coded as persistent' (three or 
more times per week) or non-persistent' (all other re- 
sponses). Insomnia characteristics were taken from the 
first four questions of the QIDS-Ci 6 . Sleep onset insom- 
nia: participants who took 'more than 30 minutes to 
fall asleep' for more than half of the time. Mid-noctur- 
nal insomnia: participants who reported waking up 
more than once a night and staying awake for 20 mi- 
nutes or more' for more than half of the time. Early 
morning insomnia: participants who reported awaken- 
ing at least one hour before they needed to' for more 
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than half the time. Hypersomnia: participants who re- 
ported sleeping 12 hours or longer in a 24 hour 
period. 

Demographics and psychosocial risks 

Age, gender, education and employment were obtained 
through self report [34]. Individuals who did not have a 
paid position of employment in the past month were 
categorised as not in employment'. Participants who did 
not report participating in any type of educational study 
were categorised as not in education'. 

Substance use 

Participants' tobacco, alcohol and cannabis use in the 
past three months was assessed in the clinician interview 
using the WHO Alcohol, Smoking and Substance In- 
volvement Screening Test (WHO-ASSIST) [40] which 
also provides a category of risk for each substance. For 
cannabis and tobacco, scores greater than 3 indicated at 
risk' participants and for alcohol, scores greater than 10. 
At risk' individuals are at risk of, or already are, 
experiencing health, social, financial, legal and relation- 
ship problems resulting from their substance use. At 
risk' also indicates the possibility of dependence. 

Personality 

Rumination: was assessed using the short version of the 
Ruminative Response Scale [41] as rumination has been 
shown to mediate the association between sleep dis- 
turbance and depression [19]. Behavioural Inhibition 
& Activation: The 24-item self-reported Behavioural 
Inhibition/Behavioural Activation System (BIS/BAS) 
Scale [42] assessed neuroticism, behavioural inhibition 
and behavioural activation with subscales for reward 
responsiveness, drive and fun-seeking. 

Symptomatology 

Generalised anxiety disorder and psychological distress 
were assessed using the self-reported Generalised Anxiety 
Disorder scale (GAD-7) [43] and Kessler's Psychological 
Distress scale (K-10) [44]. The presence and severity of 
mania in the previous 48 hours was assessed using the 
Young Mania Rating Scale (YMRS) [45]; an 11 item inter- 
view and behavioural observation. Suicide ideation (QIDS- 
Ci 6 item 12) was rated by clinical interview. 

Functioning 

Social and occupational functioning: assessed using the 
clinician-rated Social and Occupational Functioning 
Assessment Scale (SOFAS) [46] allocating an overall 
functioning score ranging between 0 - 100, with a 
higher score suggesting a superior level of functioning. 
Disability: using the 12 item self-report WHODAS12 
questionnaire [47], participants were asked to rate their 



difficulty in daily life activities and participation during 
the past 30 days. Global scores range from 0 - 100 with 
higher scores indicating a moderate to severe level of 
disability. Quality of life: a single, self-reported item from 
the WHOQOL-100 [48]. 

Analysis 

All statistical analyses were conducted using SPSS 
Version 21 for Windows. Group differences between de- 
layed and normal sleep onset phenotypes were assessed 
using t- tests or / 2 tests. Levene's tests for equal variances 
were conducted for the continuous clinical variables, to 
which none violated any assumptions. Response bias 
amongst those not answering the sleep questions was 
likewise assessed. Due to the number of £-tests con- 
ducted for the continuous clinical measures (n = 12), a 
Bonferonni correction was made for the univariate ana- 
lyses. The adjusted alpha level for statistical significance 
for reporting such univariate associations was deter- 
mined to be p < .004. However, the multivariate analysis 
conservatively included all variables with p < .05. To 
account for any potential age effects, all analyses were 
repeated in a sensitivity analysis, stratifying the sample 
into two groups (12-17 years vs. 18-25 years). To ex- 
plore the contributing factors for delayed sleep onset, a 
logistic regression was conducted with the sleep onset 
phenotype (delayed vs. normal) entered as the dichotom- 
ous dependent variable. Depression was not entered into 
the regression model as it was used to define the sample 
and the measure had demonstrated colinearity with the 
dependent variable, sleep onset (i.e. items 1-4 of the 
QIDS-C 16 assesses sleep). A hierarchical method of lo- 
gistic regression analysis was employed and only models 
with non-significant Hosmer-Lemeshow goodness-of-fit 
tests were included in the results. A final sensitivity ana- 
lysis using a more restricted exposure, repeated the 
above approach but categorised those with a sleep onset 
of 21:00 - 01:59 as normal' and those from 02:00 - 
05:00 as 'delayed' onset. 

Ethics 

Ethics was granted by the Human Research Ethics 
Committees at the University of Melbourne and the 
University of Sydney. 

Results 

As outlined in Figure 1, the study sample consisted of 
305 participants of the 802 consecutively recruited help- 
seeking young people aged between 12-25 years {x age : 
18.36, SD: 3.01, 75% female) of whom 64% (n = 194/305) 
reported moderate depression, 29% (n = 89/305) severe 
and 7% (n = 22/305) very severe depression (as defined 
by QIDS-Ci 6 cut-offs). The average depression severity 
score was 14.93 (SD: 3.23, range 11-26) with no 
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significant gender difference. In this sample, 34% (n = 
104/305) were in some form of employment, 66% {n = 201/ 
305) were in some form of education, with 21% (n = 65/ 
305) not participating in either. Tobacco was the substance 
most frequently used on a daily basis with 36% (n = 110/ 
305) of the sample identifying as daily smokers: 30% (n = 
33/110) of these daily smokers were aged under 18 years. 
Amongst this sample, 6% (n = 18/305) reported daily alco- 
hol consumption and 10% (n = 30/305) reported daily can- 
nabis use. A total of 50% (n = 152/305) presented at risk' 
for tobacco misuse, 19% (n = 57/305) for alcohol and 31% 
(n = 93/305) for cannabis. There were no significant 
differences between gender and substance risk. Sleep dis- 
turbances were common: 72% (n = 219/305) reported 
sleep-onset insomnia, 33% (n = 100/305) experienced mid- 
nocturnal insomnia, 23% (n = 69/305) early-morning in- 
somnia and 15% (n = 46/305) hypersomnia. A total of 70% 
(n = 213/305) reported poor sleep quality and 19% (n = 59/ 
305) reported persistent fatigue. 

Delayed sleep onset was reported among 18% (n = 56/ 
305, Mdn hedtime 03:00, Mdn waketime 09:30) of the primary 
sample. Normal sleep onset was reported by 82% (n = 
249/305, Mdn hedtime 22:00, Mdn waketime 07:00). For com- 
parison among the non-depressed young people (e.g. 
QIDS-Ci 6 range 0-10 and Clinical Stage < 2) in the 
overall help-seeking sample, the prevalence of delayed 
sleep was 11% (n = 42/417). Outlined in Table 1, a 
higher level of all types of substance misuse risk was 
seen in the delayed onset group. There were no signifi- 
cant differences in symptomatology, personality factors, 
disability or quality of life. Upon going to bed, delayed 
sleepers did not report taking longer to fall asleep than 
the normal phenotype; however, the delayed group re- 
ported shorter sleep duration, spending two hours less 
in bed (x: 6.71 vs. x: 8.75) and one hour less asleep (x: 
5.89 vs. x: 6.89). The delayed onset sleepers did not re- 
port poorer sleep quality (75%, n = 42/56 vs. 69%, n = 
171/249) or more persistent fatigue (16%, n = 9/56 vs. 
20%, n = 50/249) than the normal sleep phenotype. 
There was no interaction of age group with these associ- 
ations, however, in those aged between 12 - 17 years, 
alcohol (OR: 2.61, 95% CI: 0 .73 - 9.54) and cannabis 
misuse (OR: 2.07, 95% CI: 0.72 - 5.92) did not have sta- 
tistically significant associations with delayed sleep onset 
due to fewer substance users, but had very similar effect 
sizes to the overall group. 

Table 2 displays the logistic regression analysis evaluat- 
ing the factors associated with delayed sleep onset. Age 
and fun-seeking behaviour were entered as continuous 
covariates; gender, education, and substance risk were 
dichotomous covariates. Step 1 confirmed that age and 
gender were not significantly associated with delayed 
sleep onset. The observed association of no education 
status and lower fun-seeking with delayed sleep 



phenotype was subsequently attenuated to non- 
significant after adjustment for substance misuse. In step 
3, tobacco misuse risk emerged as the only factor signifi- 
cantly associated with delayed sleep onset (adjusted OR: 
2.28, 95% CI: 1.04 - 5.01). The sensitivity analysis using 
the more restricted exposure categories of normal' 
(21:00 - 01:59) and 'delayed' (02:00 - 05:00) showed no 
differences in results. 

Discussion 

In this sample of help-seeking depressed young people, 
habitual delayed sleep onset was common: Nearly one in 
five participants with depression reported going to bed 
after 2:00 a.m. As the prevalence of delayed sleep onset 
in the general population of young people is less than 
10%, the same proportion seen in the non-depressed 
help-seeking young people, these results suggest rates 
may be higher in young people experiencing moderate - 
severe depression Although the current participants 
were not clinically assessed for, or diagnosed with, 
DSPD, their sleeping patterns align with elements of the 
current diagnostic criteria [8]. In this sample, delayed 
sleep onset appeared to result in an average sleep dur- 
ation of less than six hours and two hours less in bed. 
Despite this, the delayed sleepers did not report signifi- 
cantly poorer sleep quality or more persistent fatigue. 
This is consistent with the profile of DSPD found in pre- 
vious studies of young people [11,16,49]. Given that 
short sleep duration of less than six hours is associated 
with the chronicity of mental disorders in young people 
[18], and a range of poor health outcomes, the delayed 
onset group may represent a particularly high risk group 
of depressed young people, though follow-up is needed. 
Delayed sleep onset accompanied by short sleep dur- 
ation is consistent with the Clinical Staging Model for 
mood disorders and has been suggested to signify a cir- 
cadian pathophysiological profile of depression that may 
have a different prognosis and response to treatment 
[4,38,50]. In our studies of young people in the early 
stages of mood disorders, circadian disruption seems 
common and a potential avenue for targeted treatments. 

In this sample, delayed sleepers did not have signifi- 
cantly different symptom profiles, and, importantly, no 
greater levels of depression symptom severity. This sug- 
gests that delayed sleep isn't a marker for depression 
severity in a depressed sample but rather something 
qualitatively different about this group. Neither did they 
differ in age, self-reported functioning, employment and 
disability. Suggested differences in education and func- 
tion did not withstand adjustment for multiple testing. 

In this help-seeking group, delayed sleepers were sig- 
nificantly more likely to report alcohol, and tobacco mis- 
use, with the latter emerging as the strongest, and only 
independent predictor of delayed sleep onset. Although 
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Table 1 Characteristics of normal and delayed sleep onset phenotypes in depressed young people (N = 305) 





Delayed n = 56 
Frequency 


% 


Normal n = 249 
Frequency 


% 


OR (95% CI) 


p 


Gender 












.19 


Males 


18 


32% 


59 


24% 


1 .5 (0.8 - 2.9) 




Females 


38 


68% 


190 


76% 






Employment 












.98 


Not in employment 


37 


66% 


164 


66% 


1.0 (0.1 - 1.8) 




In employment 


19 


34% 


85 


34% 






Education 












.01 


Not in education 


27 


48% 


77 


31% 


2.1 (1.2-3.8) 




In education 


29 


52% 


172 


69% 






High Substance Risk 














Tobacco 


39 


71% 


113 


45% 


2.9 (1.6-5.5) 


.001 


Alcohol 


18 


33% 


39 


16% 


2.6 (1.4-5.1) 


.003 


Cannabis 


24 


43% 


69 


28% 


2.0 (1.1 -3.6) 


.03 


Sleep quality 














Poor sleep quality 


42 


75% 


171 


69% 


1 .4 (0.7 - 2.7) 


.35 


Good sleep quality 


14 


25% 


78 


31% 






Fatigue 














Persistent fatigue 


9 


16% 


50 


20% 


1 .3 (0.6 - 2.9) 


.49 


Non-persistent fatigue 


47 


84% 


199 


80% 








X 


SD 


X 


SD 


MD (95% CI) 




Age 


18.5 


2.3 


18.3 


3.1 


0.2 (-0.5 - 0.9) 


.60 


Hours spent in bed 


6.7 


2.7 


8.8 


2.1 


-2.0 (-2.8- -1.3) 


.000 


Self-reported sleep duration (hrs) 


5.9 


2.3 


6.9 


2.1 


-1.0 (-1.6- -0.4) 


.002 


Calculated sleep duration (hrs) 


5.8 


2.7 


7.8 


2.3 


-2.0 (-2.8- -1.2) 


.000 


Minutes taken to fall asleep 


85.2 


68.0 


68.9 


56.9 


16.3 (-0.9-33.6) 


.06 


Fun-seeking 


8.1 


2.8 


9.0 


2.7 


-0.9 (-1.7- -0.1) 


.03 


Drive 


10.2 


3.2 


10.3 


2.7 


-0.1 (-0.9 - 0.7) 


.80 


Reward Responsiveness 


9.8 


3.0 


9.6 


2.8 


0.2 (-0.6 - 1 .0) 


.65 


Inhibition 


12.0 


4.8 


11.4 


3.8 


0.7 (-0.5 - 1 .8) 


.24 


Rumination 


33.3 


6.5 


32.1 


5.5 


1.2 (-0.4-2.9) 


.15 


Depression 


15.3 


3.6 


14.9 


3.2 


0.4 (-0.6 - 1 .3) 


.42 


Anxiety 


13.9 


5.2 


13.0 


5.0 


0.9 (-0.6 - 2.3) 


.24 


Mania 


5.1 


5.7 


4.6 


5.2 


0.5 (-1.0-2.1) 


.50 


Psychological Distress 


36.2 


7.7 


34.7 


7.2 


1.5 (-0.6-3.6) 


.16 


Suicidal Ideation 


9.1 


9.2 


9.7 


8.8 


-0.6 (-3.2 - 2.0) 


.64 


SOFAS score 


58.7 


10.0 


62.3 


10.0 


-3.6 (-6.5 - -0.7) 


.02 


WHODAS score 


19.9 


9.6 


17.6 


8.7 


2.2 (-0.4 - 4.9) 


.09 


Quality of life 


2.5 


1.1 


2.6 


.9 


-0.1 (-0.4-0.1) 


.31 



Bold = adjusted alpha level of p<. 004. SOFAS: Social and Occupational Functioning Assessment Scale, WHODAS: World Health Organisation Disability 
Assessment Schedule. 



this might suggest a predisposition to a hedonic or de- 
linquent lifestyle among young people with delayed sleep 
[51], no associated personality traits were found which un- 
dermines this line of thought. Instead, this association is 



consistent with other authors' observations that people 
who smoke are at greater risk of experiencing difficulties 
falling asleep and mental health problems [52]. There is 
some biological plausibility too in that nicotine stimulates 



Glozier et al. BMC Psychiatry 2014, 14:33 
http://www.biomedcentral.com/1471-244X/14/33 



Page 7 of 9 



Table 2 Multivariate associations of demographic and clinical factors with delayed sleep onset phenotype in depressed 
young people (n = 302) 

(i) Base Model C-S R 2 = .004 (ii) Adding education & personality C-S R 2 = .033 (iii) Adding Substance Use C-S R 2 = .066 



OR 


95% CI 


OR 


95% CI 


OR 


95% CI 


Age 1.0 


0.9- 1.1 


0.9 


0.9- 1.1 


0.9 


0.8- 1.1 


Gender 1.5 


0.8 - 2.8 


1.3 


0.7 - 2.5 


1.3 


0.7 - 2.6 


Not in education 




2.0 


1.0-3.8 


1.9 


0.9 - 3.6 


Fun-seeking 




0.9 


0.8- 1.0 


0.9 


0.8- 1.1 


Cannabis Risk 








1.0 


.05 - 2.0 


Alcohol Risk 








1.8 


0.9 - 3.8 


Tobacco Risk 








2.3 


1.0-5.0 



Bold = p < .05. Step 1: Nag R 2 = .0 1, -2LL: 285.30, Model / (2) = 1.35, p = .5h Step 2: Ax 2 = 4.33, Nag R 2 = .05, -2LL: 276.4 1, Model / (4) = 10.25, p = .04. Step 3: Ax 2 = 
4.24, Nag R 2 = .ll, -2LL: 266.03, Model / (7) = 20.62, p < .07. 



the cholinergic neurons of the basal forebrain component 
of the arousal system [53] which are inhibited during both 
REM and non-REM sleep. Nicotine injections also increase 
awakenings in rodents [54]. In observed conditions using 
polysomnography, smokers exhibit an extended sleep la- 
tency [55,56] and spectral EEG changes reflecting this 
arousal [31]. Although cross -sectional, these results suggest 
that tobacco smoking is associated with delayed and 
short sleep in depressed youth, which can be helpful 
when considering treatment interventions. Further- 
more, the prevalence of daily tobacco use (38%) in this 
group is exceptionally high when compared to the na- 
tional prevalence of 16% [57], particularly for those 
under 18 where the national prevalence is 4%. This find- 
ing is consistent with other help-seeking samples of 
young people [58] and suggest that this group have an 
elevated risk of poor health. 

Limitations 

Firstly, young people in the early stages of mental illness 
who present to care often do so in times of crisis, in 
which they present with a mixture of symptoms. At this 
early stage, the determination of a primary diagnosis 
based on conventional criteria, such as depression, may be 
somewhat unreliable using cross-sectional symptomatology. 
The high proportion of depressed females in this sample is 
not necessarily consistent with population prevalence [59] 
but is consistent with help-seeking youth. Scott et al. [36] 
found that males presenting to headspace services were 
more likely to have a primary diagnosis of behavioural or 
developmental disorders, whereas females were more likely 
to present with depressive symptoms. Secondly, this study 
utilised a cross-sectional measurement of sleep in which 
participants may have reported recent sleep as opposed to 
habitual [60,61]. As groups were classified based on sleep 
onset, it may be possible that different associations will 
emerge using other time points or sleep measures. The 
addition of objective sleep measures such as actigraphy, or, 
less practically, polysomnography would significantly 



improve the reliability and validity of the sleep data. Future 
studies would also benefit from the use of a chronotype 
questionnaire, such as the Morningness-Eveningness 
Questionnaire [62] or Munich Chronotype Question- 
naire [63]. Although the levels of depression experi- 
enced by this group may have altered their perceptions 
of sleep, there were no differences in depression (or 
other symptom scores) between the delayed and normal 
onset sleep groups which undermines any suggestion 
of response bias. However, the absence of a non help- 
seeking control group means that no comparisons can 
be made with those with no psychiatric disorder. When 
the substance use analyses were stratified by age, the 
number of high risk users of alcohol and cannabis in the 
younger group were substantially smaller in sample size, 
leading to a similar effect size of association becoming 
statistically non-significant. Although substance use risk 
was confirmed by clinical interview, there is a general 
consensus that some forms of substance use, such as al- 
cohol, may be under-reported, particularly in those 
under 18 years [58]. As such, the non-significant finding 
between alcohol and cannabis for those aged less than 
18 years should be interpreted with some caution. 

Conclusions 

Given that delayed sleep onset and circadian disruption 
are associated with short sleep duration and other fac- 
tors indicative of poor prognosis and potentially a vul- 
nerability to a more severe illness [64,65] strategies 
targeting this disruption warrant testing. As reviewed in 
Hickie et al. [4] currently these include a range of behav- 
ioural, phototherapeutic and melatonin based interven- 
tions. The results here suggest another reason to address 
smoking which may be contributing to poor sleep and 
may also form part of a circadian treatment approach. 
With simple non-invasive assessments such as actigra- 
phy and smart phone applications readily available to 
help identify such a delayed sleep phase in clinical prac- 
tice, the broader adaptation of more personalised 
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treatments is possible. Determining the efficacy, practi- 
cality and acceptability of such adjunctive or stepped ap- 
proaches alongside current psychopharmacological and 
psychotherapeutic approaches to treating depression in 
young people should the next focus. 

Competing interests 

Professor Hickie is a Board Member of Psychosis Australia Trust. From 2012, 
he has been a Commissioner in Australia's new National Mental Health 
Commission. He was until January 2012 a director of headspace: the national 
youth mental health foundation. Prof Hickie was previously chief executive 
officer (till 2003) and clinical adviser (till 2006) of beyondblue, an Australian 
National Depression Initiative. He is supported principally for clinical research 
in depression and health services and population health initiatives related to 
anxiety and depression by an NHMRC Australian Medical Research 
Fellowship (2007-12) and now by an NHMRC Senior Principal Research 
Fellowship (2013-17). He has led projects for health professionals and the 
community supported by governmental, community agency and 
pharmaceutical industry partners (Wyeth, Eli Lily, Servier, Pfizer, AstraZeneca) 
for the identification and management of depression and anxiety. He has 
received honoraria for presentations of his own work at educational 
seminars supported by a number of nongovernment organisations and the 
pharmaceutical industry (including Pfizer, Servier and Astra Zeneca). He has 
served on advisory boards convened by the pharmaceutical industry in 
relation to specific antidepressants, including nefazodone, duloxetine, and 
desvenlafaxine. He leads an investigator-initiated study of the effects of 
agomelatine on circadian parameters (supported in part by Servier but also 
by other NHMRC funding) and has participated in a multicentre clinical trial 
of agomelatine effects on sleep architecture in depression and a Servier- 
supported study of major depression and sleep disturbance in primary care 
settings. In addition to national and international Government-based grant 
bodies, investigator-initiated mental health research at the BMRI he has been 
supported by various pharmaceutical manufacturers (including Servier and 
Pfizer) and not-for-profit entities (including the Heart Foundation, beyond- 
blue and the BUPA Foundation). Dr Daniel Hermens is currently supported 
by a grant from the NSW Ministry of Health, Mental Health and Drug & 
Alcohol Office as well as an NHMRC Australia Fellowship (awarded to 
Professor Hickie). He has received honoraria for educational seminars from 
Janssen-Cilag and Eli Lilly. Dr Elizabeth Scott is the (unpaid) Clinical Director 
of Headspace Services at the BMRI, the (unpaid) Co-ordinator of the Youth 
Mental Health Research Program at the BMRI, and Deputy Director of St 
Vincent's Private Hospital Young Adult Mental Health Unit. She has received 
honoraria for educational seminars related to the clinical management of 
depressive disorders supported by Servier and Eli-Lilly pharmaceuticals. She 
has participated in a national advisory board for the antidepressant 
compound Pristiq, manufactured by Pfizer. 

Authors' contributions 

The study was designed and conducted by PM, NG, IH, RP, CP, PA, DH, E.S. 
The analysis of data and interpretation was conducted by BOD and NG. The 
paper was prepared by NG, BOD and critically revised by PM, IH, CP, PA, DH, 
RP, E.S. All authors read and approved the final manuscript. 

Acknowledgments 

The study was supported by NHMRC Program Grant (ID: 566529). Professor 
Christos Pantelis was supported by a NHMRC Senior Principal Research 
Fellowship (ID: 628386). The other investigators on the Transitions study 
were A. Jorm, E. Killackey, L. Phillips, S.W. Wood, A. Mackinnon, E. Scott, A. 
Yung, A. Kenyon, L. Mundy, A. Nichles, A, Scaffidi, D. Spiliotacopoulos, L. 
Taylor, J.P.Y Tong, S. Wiltink, N. Zmicerevska, and A. Guastella. This study was 
conducted at Brain and Mind Research Institute, University of Sydney and 
Orygen Youth Health Research Centre, Melbourne. 

Author details 

1 Brain and Mind Research Institute, University of Sydney, Sydney, New South 
Wales, Australia. 2 Orygen Youth Health Research Centre, Centre for Youth 
Mental Health, Melbourne, Australia. 3 Melbourne Neuropsychiatry Centre, 
Department of Psychiatry, University of Melbourne and Melbourne Health, 
Melbourne, Victoria, Australia, department of Child and Adolescent 
Psychiatry, Medical University Vienna, Vienna, Austria. 



Received: 14 November 2013 Accepted: 4 February 2014 
Published: 8 February 2014 



References 

1. Glozier N, Davenport T, Hickie IB: Identification and management of 
depression in Australian primary care and access to specialist mental 
health care. Psychiatr Serv 201 2, 63(1 2):1 247-1 251 . 

2. Ivanenko A, McLaughlin Crabtree V, Gozal D: Sleep and depression in 
children and adolescents. Sleep Med Rev 2005, 9(2):1 15-129. 

3. Pigeon WR, Hegel M, Unutzer J, Fan M, Sateia MJ, Lyness JM, Phillips C, 
Perlis ML: Is insomnia a perpetuating factor for late-life depression in the 
IMPACT cohort? Sleep 2008, 31 (4):481 -488. 

4. Hickie IB, Naismith SL, Robillard R, Scott EM, Hermens DF: Manipulating the 
sleep-wake cycle and circadian rhythms to improve clinical management 
of major depression. BMC Med 201 3, 1 1 (1 ):79. 

5. Robillard R, Naismith S, Rogers N, Ip T, Hermens D, Scott E, Hickie I: Delayed 
sleep phase in young people with unipolar or bipolar affective disorders. 
J Affect Disord 2013, 145(2):260-263. 

6. Crowley SJ, Acebo C, Carskadon MA: Sleep, circadian rhythms, and 
delayed phase in adolescence. Sleep Med 2007, 8:602-612. 

7. American Academy of Sleep Medicine: The International Classification of Sleep 
Disorders (revised): Diagnostic and Coding Manual. Chicago, III: American Academy 
of Sleep Medicine; 2001. 

8. Lack LC, Wright H: Clinical management of delayed sleep phase disorder. 
Behav Sleep Med 2007, 5(1)57-76. 

9. Gradisar M, Gardner G, Dohnt H: Recent worldwide sleep patterns and 
problems during adolescence: a review and meta-analysis of age, region, 
and sleep. Sleep Med 2011, 12(2):1 10-118. 

10. Clarke G, Harvey AG: The complex role of sleep in adolescent depression. 
Child Adolesc Psychiatr Clin N Am 201 2, 21 (2):385-400. 

1 1 . Sharkey KM, Carskadon MA, Figueiro MG, Zhu Y, Rea MS: Effects of an 
advanced sleep schedule and morning short wavelength light exposure 
on circadian phase in young adults with late sleep schedules. Sleep Med 
2011, 12(7):685-692. 

12. Lack LC: Delayed sleep and sleep loss in university students. J Am Coll 
Health 1986, 35(3):105-1 10. 

13. Carskadon MA: Factors influencing sleep patterns of adolescents. In 
Adolescent Sleep Patterns: Biological, Social, and Psychological Infl uences. 
Edited by Carskadon MA. Cambridge: Cambridge University Press; 
2002:4-26. 

14. Wahlstrom K: Accommodating the sleep patterns of adolescents within 
current educational structures: an uncharted path. In Adolescent Sleep 
Patterns: Biological, Social, and Psychological Influences. Edited by Carskadon 
MA. Cambridge: Cambridge University Press; 2002:172-197. 

15. Abe T, Inoue Y, Komada Y, Nakamura M, Asaoka S, Kanno M, Shibui K, 
Hayashida K, Usui A, Takahashi K: Relation between morningness- 
eveningness score and depressive symptoms among patients with 
delayed sleep phase syndrome. Sleep Med 201 1, 1 2(7):680-684. 

16. Saxvig IW, Pallesen S, Wilhelmsen-Langeland A, Molde H, Bjorvatn B: 
Prevalence and correlates of delayed sleep phase in high school 
students. Sleep Med 201 2, 1 3(2):1 93-1 99. 

1 7. Kerkhof GA: The 24-hour variation of mood differs between morning- and 
evening-type individuals. Percept Motor Skills 1998, 86(1)264-266. 

18. Glozier N, Martiniuk A, Patton G, Ivers R, Li Q, Hickie I, Senserrick T, 
Woodward M, Norton R, Stevenson M: Short sleep duration in prevalent 
and persistent psychological distress in young adults: the DRIVE study. 
5/eep 2010, 33(9):1 139-1 145. 

19. Batterham PJ, Glozier N, Christensen H: Sleep disturbance, personality and 
the onset of depression and anxiety: prospective cohort study. Aust New 
Zealand J Psych 2012, 46(1 1):1 089-1 098. 

20. Hansen M, Janssen I, SchifT A, Zee PC, Dubocovich ML: The impact of school 
daily schedule on adolescent sleep. Pediatrics 2005, 1 15(6):1 555-1 561. 

21. Shirayama M, Shirayama Y, lida H, Kato M, Kajimura N, Watanabe T, 
Sekimoto M, Shirakawa S, Okawa M, Takahashi K: The psychological 
aspects of patients with delayed sleep phase syndrome (DSPS). 
Sleep Med 2003, 4(5):427-433. 

22. Thorpy MJ, Korman E, Spielman AJ, Glovinsky PB: Delayed sleep phase 
syndrome in adolescents. J Adolesc Health Care 1988, 9(1 ):22-27. 

23. Hasler BP, Allen JJB, Sbarra DA, Bootzin RR, Bernert RA: Morningness- 
eveningness and depression: preliminary evidence for the role of the 



Glozier et al. BMC Psychiatry 201 4, 1 4:33 Page 9 of 9 

http://www.biomedcentral.com/1471-244X/14/33 



behavioral activation system and positive affect. Psychiat Res 2010, 
176(2-3):166-173. 

24. Lange L, Randier C: Morningness-eveningness and behavioural problems 
in adolescents. Sleep Biol Rhythms 201 1, 9(1):1 2-18. 

25. Breslau N, Roth T, Rosenthal L, Andreski P: Sleep disturbance and 
psychiatric disorders: a longitudinal epidemiological study of young 
adults. Biol Psychiatry 1996, 39(6):41 1-418. 

26. Patten CA, Choi WS, Gillin JC, Pierce JP: Depressive symptoms and 
cigarette smoking predict development and persistence of sleep 
problems in US adolescents. Pediatrics 2000, 106(2):E23. 

27. Wetter DW, Young TB: The relation between cigarette smoking and sleep 
disturbance. Prevent Med 1994, 23(3):328-334. 

28. Gromov I, Gromov D: Sleep and substance use and abuse in adolescents. 
Child Adolesc Psychiatr Clin N Am 2009, 18(4):929-946. 

29. Johnson EO, Breslau N: Sleep problems and substance use in 
adolescence. Drug Alcohol Depend 2001, 64(1 ):1 -7. 

30. Pasch KE, Laska MN, Lytle LA, Moe SG: Adolescent sleep, risk behaviors, 
and depressive symptoms: are they linked? Am J Health Behav 2010, 
34(2):237-248. 

31. Jaehne A, Loessl B, Barkai Z, Riemann D, Hornyak M: Effects of nicotine on 
sleep during consumption, withdrawal and replacement therapy. 

Sleep Med Rev 2009, 13(5)363-377. 

32. Ebrahim 10, Shapiro CM, Williams AJ, Fenwick PB: Alcohol and sleep I: 
effects on normal sleep. Alcohol Clin Exp Res 2013, 37(4):539-549. 

33. Van Reen E, Rupp TL, Acebo C, Seifer R, Carskadon MA: Biphasic effects of 
alcohol as a function of circadian phase. Sleep 2013, 36(1 ):1 37-1 45. 

34. Purcell R, Jorm AF, Hickie IB, Yung AR, Pantelis C, Amminger GP, Glozier N, 
Killackey E, Phillips L, Wood SW, Mackinnon A, Scott EM, Kenyon A, Mundy 
L, Nichles A, Scaffidi A, Spiliotacopoulos D, Taylor L, Tong JPY, Wiltink S, 
Zmicerevska N, Hermens DF, Guastella AJ, McGorry PD: Transitions Study of 
predictors of illness progression in young people with mental ill health: 
study methodology. Early Interven Psychiat 2013. In press. 

35. Rickwood DJ, Telford NR, Parker AG, Tanti CJ, McGorry PD: Headspace — 
Australia's innovation in youth mental health: who are the clients and 
why are they presenting? Med J Aust 2014, 200(2):1-4. 

36. Scott EM, Hermens DF, Glozier N, Naismith SL, Guastella AJ, Hickie IB: 
Targeted primary care-based mental health services for young 
Australians. Med J Aust 2012, 196:136-140. 

37. Bernstein IH, Rush AJ, Trivedi MH, Hughes CW, Macleod L, Witte BP, Jain S, 
Mayes TL, Emslie GJ: Psychometric properties of the quick inventory of 
depressive symptomatology in adolescents. Int J Methods Psychiatr Res 
2010, 19(4):185-194. 

38. Hickie IB, Scott EM, Hermens DF, Naismith SL, Guastella AJ, Kaur M, Sidis A, 
Whitwell B, Glozier N, Davenport T, Pantelis C, Wood SJ, McGorry PD: 
Applying clinical staging to young people who present for mental 
health care. Early Interven Psychiat 2013, 7(1)31-43. 

39. Buysse DJ, Reynolds CFR, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh 
sleep quality index: a new instrument for psychiatric practice and 
research. Psychiatry Res 1989, 28:193-213. 

40. Humeniuk R, Ali R: Validation of the alcohol, smoking and substance 
involvement screening test (ASSIST). Addiction 2008, 103:1039-1047. 

41. Leach LS, Christensen H, Mackinnon AJ, Windsor TD, Butterworth P: Gender 
differences in depression and anxiety across the adult lifespan: the role 
of psychosocial mediators. Soc Psychiatry Psychiatr Epidemiol 2008, 
43:983-998. 

42. Carver CS, White TL: Behavioral-inhibition, behavioral activation, and 
effective and affective responses to impending reward and punishment - 
the BIS BAS scales. J Pers Soc Psychol Med 1 994, 67:31 9-333. 

43. Spitzer RL, Kroenke K, Williams JB, Lowe B: A brief measure for assessing 
generalized anxiety disorder: the GAD-7. Arch Gen Psychiatry Intern Med 
2006, 166:1092-1097. 

44. Kessler RC, Andrews G, Colpe LJ: Short screening scales to monitor 
population prevalences and trends in non-specific psychological distress. 
Psychol Med 2002, 32:959-976. 

45. Young R, Biggs J, Ziegler J, Meyer D: A rating scale for mania: reliability, 
validity and sensitivity. Br J Psychiatry 1978, 133:429-435. 

46. Goldman H, Skodol A, Lave T: Revising axis V for DSM-IV: a review of 
measures of social functioning. Am J Psychiatry 1992, 149(9):1 148-1 156. 

47. Ustun TB, Chatterji S, Kostanjsek N, Rehm J, Kennedy C, Epping-Jordan J, 
Saxena S, Von Korff M, Pull C: Developing the World Health Organization 



disability assessment schedule 2.0. Bull World Health Organ 2010, 88:815- 
823. 

48. Murphy B, Herrman H, Hawthorne G, Pinzone T, Evert H: Australian WHOQoL 
instruments: user's manual and interpretation guide. Melbourne, Australia: 
Australian WHOQoL Field Study Centre; 2000. 

49. Schrader H, Bovim G, Sand T: Depression in the delayed sleep phase 
syndrome. Ame J Psychiatry 1 996, 1 53(9):1 238-1 238. 

50. Scott J, Leboyer M, Hickie I, Berk M, Kapczinski F, Frank E, Kupfer D, McGorry 
P: Clinical staging in psychiatry: a cross-cutting model of diagnosis with 
heuristic and practical value. Br J Psychiatry 2013, 202(4):243-245. 

51. Peach HD, Gaultney JF: Sleep, impulse control, and sensation-seeking 
predict delinquent behavior in adolescents, emerging adults, and adults. 
J Adolesc Health 2013, 53(2):293-299. 

52. Riedel BW, Durrence HH, Lichstein KL, Taylor DJ: The relation between 
smoking and sleep: the influence of smoking level, health and 
psychological variables. Behav Sleep Med 2004, 2(1):63-78. 

53. Jones BE: Arousal systems. Front Biosci 2003, 8:S4-38-S451 . 

54. Salin-Pascual RJ, Moro-Lopez ML, Gonzalez-Sanchez H, Bianco-Centurion C: 
Changes in sleep after acute and repeated administration of nicotine in 
the rat. Psychopharmacology (Berl) 1999, 145:133-138. 

55. Zhang L, Samet J, Caffo B, Bankman I, NM P: Power spectral analysis of 
electroencephalographic activity during sleep in cigarette smoker. 
Chest 2007, 133(2):427-432. 

56. Zhang L, Samet J, Caffo B, Punjabi NM: Cigarette smoking and nocturnal 
sleep architecture. Am J Epidemiol 2006, 164(6)329-537. 

57. Australian Bureau of Statistics: 201 1-2013 Australian health survey: first 
results. In Catalogue, no. 4364.0.55.001. Canberra, Australia: Australian Bureau 
of Statistics; 2012. 

58. Hermens DF, Scott EM, White D, Lynch M, Lagopoulos J, Whitwell BG, 
Naismith SL, Hickie IB: Frequent alcohol, nicotine or cannabis use is 
common in young persons presenting for mental healthcare: a cross- 
sectional study. BMJ Open 2013, 3(2):e002229. 

59. Australian Bureau of Statistics: National survey of mental health and 
wellbeing: summary of results. In Catalogue no.4326.0. Canberra, Australia: 
Australian Bureau of Statistics; 2007. 

60. Chambers MJ: Actigraphy and insomnia: a closer look. Sleep 1994, 
17(5):405-408. 

61 . Sadeh A, Sharkey KM, Carskadon MA: Activity-based sleep-wake identification: 
an empirical test of methodological issues. Sleep 1994, 17(3)301-207. 

62. Home JA, Ostberg O: A self assessment questionnaire to determine 
morningness eveningness in human circadian rhythms. Int J Chronobiol 
1976, 4(2):97-110. 

63. Roenneberg T, Wirz-Justice A, Merrow M: Life between clocks: daily tem- 
poral patterns of human chronotypes. J Biol Rhythms 2003, 18(1):80-90. 

64. Pandi-Perumal SR, Moscovitch A, Srinivasan V, Spence DW, Cardinali DP, 
Brown GM: Bidirectional communication between sleep and circadian 
rhythms and its implications for depression: lessons from agomelatine. 
Prog Neurobiol 2009, 88:264-271. 

65. Boivin DB: Influence of sleep-wake and circadian rhythm disturbances in 
psychiatric disorders. J Psychiatry Neurosci 2000, 25:446-458. 



doi:1 0.1 1 86/1 471 -244X-1 4-33 

Cite this article as: Glozier et al.: Delayed sleep onset in depressed 
young people. BMC Psychiatry 201 4 14:33. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



